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ABSTRACT 



A semiconductor memoty device 40 includes an airay of 
storage cells 130. addressable by row and column and 
specifically designed for testing. Row and column addresses 
are decoded to access a row and phiral columns simulta- 
neously. A test data hit to be written into the storage cells is 
r^Ucated and stored into as many storage cells at once as 
there are colunms simultaneously accessed. Upon readout 
for a comparison test, plural ocourences of the stared test 
data bit are compared with each other and with an expected 
data bit within parallel conq)arator circuitry 140 located 
within the memory device. A pass/fail signal (on lead 170) 
from the parallel oonq)arator drcuitcy is transmitted to the 
memory device tester 30 for final defect analysis and cor- 
rection. When a failure/defect is d^ected, information rep- 
resenting the address and the type of failure are stored in the 
memory device tester. A memory device test method also is 
described. 
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TESTING AND REPAIR OF WIDE I/O The test and analysis system includes a tester subsystem 

SEMICONDUCTOR MEMORY DEVICES which interfaces directiy with the prote and an analysis 

DESIGNED FOR: TESTING subsyston that ou^ts analysis infonnation to either a 

storage device, a minicomputa or a repair station. The 

This q)plication is a continuation of applicatiooSer.Na 5 analysis system may include interfacing hardware for trans- 

08/540330, filed Oct 6, 1995 abandoned which is a con- feiring repair scheme data to the minicomputer, 

tlnuation of application Ser. No. 08/236,596, filed on Apr. Semiconductor memory devices of aU types are being 

29, 1994, now abandoned. made with progressively higlher bit densities, smaller cell 

sizes, and ma-e I/O pins, as the density of integrated 

FIELD OF THE INVENTION lo memory circuits inacascs. During the late 1980*8, 4 megabit 

This invention relates to testing semiconductOT memory memory devices were being designed and produced. During 

devices and more particularly to semiconductor memory the 1990*s 16 megabit memory devices are bang produced, 

devices designed for testing and a method for testing such Memory device densities of 64 megabits and 256 megabits 

<ieviccs. expected to be produced during the 1990*s. With 

15 increased memory device capacity, there must be in^rove- 
BACKGROUND OF THE INVENTION ment in some pctfonnance parameters such as menKxy 
Semiconductor memory devices store information in access tune, 
arrays of cells arranged in addressable rows and columns. Now, as memory devices become more and more dense. 
During fabrication of these devices, one or more defects may feature sizes become smaller and smaller. As a result the 
occur and prevent the proper pofoimance of tiie memory memory devices arc susceptible to defects caused by par- 
circuit If a systematic defect occurs, in many cases it can be tides which previously were too small to cause problems in 
causally analyzed and designed out O&er defects, such as the fabrication process. Thus with further increases in den- 
short circuits between adjacent columns and ap&n dicuits sity there is a greater challenge to increase the number of 
wilhin individual columns of memory cells, also occut For ^5 random-type defects that can be r^aircd with redundancy 
analysis purposes, the distribution of such other defects in a schemes. 

memory device, as well as the distribution of the number of A problem with greater density memory devices is the 

such defects among a given production lot, may be consid- inaeased amount of time required for testing and identifying 

ered random. The yield of good devices in a lot can be replacement schemes to repair devices with some defects, 

modelled according to a Poisson distribution function. Since the defects are random, each int^ated circuit must be 

lypically, over the period of time that a particular device is analyzed to identify an individual rq>air scheme. Total test 

being produced in a given manufacturing facility, device time for a one megabit memory device is q)proximateIy 

yield can be inqsroved by eliminating the cause of such other seven seconds. The test time for a wafer of one megabit 

defects, e.g., extraneous particulate matter. memory devices can easily exceed 30 minutes. The number 

Generally, it is desirable to furflier Improve the yield of 35 of memory devices per wafer is expected to vary Uttie as 

memory devices by replacing bad rows and columns with density of the devices increases because the wafer size also 

redundant rows and cdlunms. For instance, during testing of will increase. However, as density increases, test time per 

the chip, defective columns of memory cells can be identi- memory device increases because test time per storage cell 

fied and replaced. Redundancy replacement techniques arc is constant and each memory device includes a greater 

especially suited for semiconductcr memories because these ^ number of storage cells. Because the test time per memory 

devices comprise large numbers of replicated storage de- device increases and the number of memory devices per 

ments arranged in rows and columns. This array format wafer is relatively constant, the test time per wafer increases, 

lends itself to replacement of a defective portion with an Total time for testing and developing a replacement scheme 

identical redundant portion. for aU of tiie 16 megabit memory devices on a wafer is 

A useful redundancy scheme may be implemented by 45 *^^P*=^ ^ ^^'^'^ ^'^^^ "'^^^ ^^^cs are 

substituting, for a defective column or a defective row, one niade, 

of a plurality of universal decode circuits that will select one Another problem is that technicians who test memory 

of the redundant columns cr redundant rows rather than the devices desire to test the devices in parallel on a single 

defective column or row. Appropriate fuses arc included in device tester to make the most effective use of the device 

the scheme to be evened both to activate the selected 50 tester while end users of memory devices desire to use more 

redundant column or row and to program the decoder and more wide I/O memory devices. Such wide VO memory 

circuits to respond appropriately to ^lied addresses. devices inherently limit the number of such devices which 

Address integrity is maintained by substituting the redun- can be tested at once in parallel by a single device tester, 

dant column or row circuit to respond to the address of the Thus fewer of those devices can be tested simultaneously on 

replaced column or row. Thus the address of each defective 55 one device tester. The problem is to find a way to test more 

column or row is reassigned to redundant drcuil. wide I/O memory devices simultaneously on a single device 

A test and analysis system provides infonnation for tester, 

effecting rcjwur of a senjiconductor memory device. The test SUMMARY OF THE INVENTION 
system mcludes a prober which houses a semiconductor 

wafer to be tested and provides an electrical interface 60 These and other problems are solved by a test method and 

between the test system and the several individual devices a semiconductor memory device including an array of 

under test on the wafer, l^ically the prober is prepro- storage cells addressable by row and column and spedflcally 

grammed to step through tests of one device after another designed for testing. Row and colunm addresses are decoded 

until the test system sequentially acquires desired test data to access a row and plural columns simultaneously. A test 
from aH of the memory devices on the wafer. An exemplary 63 data bit, to be written into the storage cells, is replicated and 

prober, model EG 2010, is manufactured by Electroglass, stored into as many storage cells at once as there are 

Iqc. colmnns simultaneously accessed. Upon readout for a oom- 
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paiison test, the plural occuirences of the stored test data bit 
are oompared with each other and with an expected data bit 
within a parallel comparator circuitiy located within the 
memory device. A pass/fail signal from the parallel coair 
parator circuitry is transmitted to the memory device tester 
for final defect analysis and correction. When a failure/ 
defect is detected, pass/fail information representing the 
address and the type of failure are stored in the memory 
device tester. 

The parallel comparator circuitry is used advantageously 
in combination with the architecture of the memory device 
to reduce the number of I/O leads that need to be checked by 
the mem<^ device tester. This allows more memory devices . 
to be tested concurrently and ttiereby to increase tfie capacity 
of the memory device tester while It is testing wide I/O 
memory devices. 

BRIEF DESCJaPnON OF THE DRAWINGS 
The invention may best be understood by following 
detailed descr^)don when read with reference to the drawing 
wherein: 

FIG. 1 is a block diagram of a memory device tester and 
a part of a memory device under test; and 

FIG. 2 is a sdiematic diagram of a parallel co^^}arator 
circuit used in FIG. 1. 

DETAILED DESCRIPnON OF THE 
INVENnON 

Referring to FIG. 1, a memory device tester 30 includes 
a microprocessor controller which reads a test program out 
of a memory to preset a series of address counters and input 
and output voltage levels for address drivers and data 
drivers. The controller also loads a program stored from the 
device tester memory into a pattern genexator. Hie pattern 
generator controls die generation of a sequence of adxlresses 
by the address counters and of the test data bits to be 
transmitted through a prober and written into die memory 
device under test 40. The pattern generator thereafter gen- 
erates addresses, expected data bits, and read signals to read 
stored test data bits from the monory device under test 40 
to provide coiiq>arator circuitry within the memory device 
with the read out test data bits and the expected data bits, 
generated by the memory device tester 30. Based on differ- 
ences between the data read from the memory device under 
test and the expected data bits, the parallel conqjarator 
circuitry makes a pass-fail decision to determine if any of the 
device under test memory cells are defective. A pass/fail 
signal and associated address information are forwarded to 
the device tester 30 for further analysis and device repair. 

A procedure, or process, is used for testing a device and 
for determining a repair scheme that designates certain 
defective lines for replacement by redundant lines. This 
procedure includes the following. Enabling a test mode of 
the device under test 40. Performing DC electrical tests on 
the device under test to verify proper electrical contact and 
device operating characteristics. Systematically addressing 
the memory cells of the device and storing a pattern of test 
data bits into the memory cells of the device under test 
Systematically addressing the memory cells and reading the 
stored test data bits from memoiy cells of the device under 
test. Comparing the data bits read from the device under test 
with one another and with the expected data bits, generated 
by the memory device tester, to identify defective cells. 
Storing cell address and test result information in the device 
tester 30. 

The memory device tester 30 is used to test ooncuirentiy 
and to develop repair schemes for a group of high density 
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memory devices. The total test time for a single wafer 
containing over 300 memory devices is approximately seven 
minutes. Similar tests, performed with a prior art system, 
typically require 45 minutes or longer. 

S Redundancy information can be ga&ered in great detail 
by the memory device tester 30 and subsequently used to 
determine defect types. This off-line device test method 
provides an efficient means to collect defect and redundancy 
data while providing the capability for testing memory 

10 devices with greater device densities during reasonably short 
time periods per memory device. 

To start a test procedure, a test mode enabling signal is 
sent from the memory device tester 30 to all of the memory 
devices under test An exeiiq)lary one of those devices under 
test is the memory device 40. During the test procedure, the 
memory device tester 30 sends row and colunm addresses, 
as needed, over an address bus 33 to die memory device 40 
and other memory devices of a group of memory devices to 
be tested concurrentiy. The other memory devices are not 

^ shown specifically. Address bus connections to the other 
memory devices are represented by dashed lines extending 
from the address bus 33. Likewise control signals are sent 
simultaneously over a control bus 42 to the memory device 
40 and to the other memory devices. Control bus connec- 

^ tions to the other memoiy devices are represented by dashed 
lines extending from the control bus 42, 

For the memory device tester 30, there is a fixed number 
of data input/output terminals for sending test data to the 

^ group of memory devices under test and for receiving 
resultant pass/fail signals back from the group of memory 
devices under test As an example for this descr^tion, the 
memory device tester 30 includes sixteen data input/output 
tenninds. When the memory device tester 30 is connected 
with memory devices for testing, a different group of four 
data leads is used for connecting the data input/output 
terminals of the memory device testa 30 with data input/ 
output terminals of each of four memory devices. A data bus 
45 is shown interconnecting the data input/output terminals 

^ of the memory device tester 30 with the data input/output 
terminals of the memory device 40. One group of the four 
groups of four data leads is connected to the memory device 
40. The other three groups of four data leads are shown, as 
dashed lines extending from the data bus 45, to rq)resent the 
connections to three other memory devices which are not 
shown. 

Within the memory device 40, there are four separate 
input/output data terminals, each connected to one lead of 
the group of four data leads, associated with the memory 

50 device 40. Each of die four input/output data terminals is 
connected directiy with one of four i]q>ut/ou^ut buffers 50, 
51, 52, 53. For a test operation, one test data bit is sent by 
the memory device tester 30 over one of the four data leads 
and is stored temporarily in the input/output buffer 50. 

55 When the memory device tester 30 puts the device under 
test into the test mode, a series of addresses are applied by 
way of the address bus 33 to the device under test First of 
all, a row address is applied to a row address buffer 34 and 
decoder 35 of the device under test to be decoded for 

60 accessing a whole row of memory ceUs in each sub array of 
the device. Then a column address is q)plied to the device 
under test In the test mode, the column address is ^lied to 
a column address buffer 37 and decoder 38 where it is 
partially decoded so that the applied column adxlress 

65 accesses a group of four columns of memory cells at once. 
Decoding of the column address is distributed across various 
parts of the device, as described hereinafter. Thus a selected 
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group of four of the memory cdls of the selected row in each appropriately enabled sense ampMcx, e.g., the selected 

quadrant of the memosy device is accessed for staring the sense an^Mer in the block of sense anq>]ifiers 120. The 

test data bit stored test data bit is enhanced by the selected sense ampli- 

Foratestwrite-inoperation,thesinglctestdatabit,stared l%<^,^ f(war«ied through the associated topuVoutput 

in the input/output bSfer 50, is applSd through a lead 68 5 buffa UOand a sdectedhne ai^erm toe 

iii ui*. uij^ui/wui^ui, uuuM , ^ J ^ . . amDlifiers 90 to a single lead of a bus 135 and a parallel 

with mum^e connections f^^^^ ci^t m Four leads of the bus are 

^^ntopbuffercircmtsTO-SS.E^^ coTLi to the paraUd caiiq)arator drcuit 140. 

70-85, the test data is apphed to the m^ts of sixteen ft^m each ofdie line amplifiers 90,91, Wand 93 so that four 

groups of four hneampMers9<^-105 each. Eadi group of of the stored test data bits read out from the sub^airays of the 

four line amplifiers receives the same test data bit, but only lo nj^^nory device 40 are wUcd in parafld to the inputs o^ 

one of the four line an^lificrs in the group is enabled at a .^^ comparator circuit 140. 

time. TVo a>lumn address bits are decodted for sele^g comparator drcuit 140 recdves two stored 

which one of thefojff hnean^Mers is enabled m e^^^^ ^^^^ ^^^^ ^^^^ ^^^^ ^ 

groupsoflmeampMcrs.Ttoisonepartofthedw^ 92 and 93. Each data hit in this group of stored test data bits 

of the oohmin address decodmg. « is considered to have a positional notation number between 

An amplified version of the smgle test data bit IS apphed ^ and 7. A purpose of the paralld con^)arator 140 is to 

from each of the enabled line amplifiers, e.g., one line (jctennine whether ornot all of the odd position numbered 

amplifier in the group of line an^Jifiers 90, through a lead d^ta bits have &e same binary state and all of the even 

108 to the inputs of a pair of local input/ouQ)utbuficrs 110. _ position numbered data bits have the same state. If the stored 

There are one hundred twenty-eight of the local input/ou5)ut ^ test data bits are not aU alike, then an error exists among the 

buffers. Only sixteen are sdected to be enabled at once. A ^ ^its and the paralld comparator 

single address bit is used to determine which of the pair of produces a fail signal to be sent to the msm<xy 

local mput/ou^ut buffers is enabled for the ou^)ut of each device tester 30 of FIG. 1. If the read out stored test data bits 

lineamplifier.nusisasecondpartofthedistributedcolumn arcallalike,thaitheir state is compared with the state of an 

address decoding. expected data bit EXD of the address bdng accessed for the 

The single test data bit then passes through a local staredtestdatabits.'Itus expected data bit EXD is generated 

input/output line 115 to a bank of sense amplifiers 120. In ^y the device tester 30 and is transmitted throu^ the data 

each bank, there are five hundred-twdvc sense an^lificrs. 45^ the VO buffa 50, and a lead 150 to the paralld 

As a third part of the distributed column address decoding, ^ conq>arator 140. If all of the stored test data bits and the 

nine bits of the address are decoded to enable one of (he expected data bit are alike, the paralld conQ)arator circuit 

sense amplifiers in eadi of the banks. The enabled sense 140 produces a pass signal to be sent to the memory device 

an^lifier in the bank of sense amplxfiers 120 enhances the tester. 

test data bit and forwards it through bit lines 125 to one Rcfening now to FIG. 2, there is shown a schematic 
group of sdected storage cdls in a sub^array 130. diagram of the paraUel comparator circuit 140 fa- perform- 
Thus the single test data bit from the device tester 30 is ing paralld comparison tests on the stOTcd test data bits read 
^lied over a single lead of &e data bus 45 and is out from the storage cdls of the memory device 40. In the 
replicated, by way of multiple connections of the lead 68, to drcuit of FIG. 2, each of the tests is enabled altcrnativdy by 
sixteen sub-arrays of storage cdls. There is a group of four even and odd sdect signals ES and OS. The even select 
columns of stooge cells to whidi the test data bit is applied ^ signal ES enables a parallel coiiq>arison of the stored test 
in each of four quadrants of the storage cells of the memory data hits in the cvca numbered positions 0, 2, 4 and 6. For 
device 40. Hie test data bit is stored in the sdected group of the even positions stored test data hits, four multiplexers 
four storage cells in each of the four quadrants. Thus the 15<^153 pass the sdected stored test data bits to a pair of 
single test data bit is replicated and is stored simultaneously AND gates 157 and 158. The odd sdect signal OS enables 
into sixteen memory cells in each of the memory devices a paralld comparison among the stared test data bits in the 
under test odd numbered positions 1, 3, 5 and 7. For the odd numbered 
When the test data bit is stored in the sdected group of positions stored test data bits, four multiplexers 160-163 
memory cells, it may be stored in each memory cell without pass the sdected stored test data bits to a pair of AND gates 
an error or else an error may be introduced into the test data 167 and 168. 

bit stCH-ed in any sdected memory cell because of some 50 When the even sdect signal ES is active and all of the read 

defect in the memory device. out stored test data bits in the positions 0-7 are high, an even 

Once a pattern of all desired test data bits is written from data high signal EDH is a one and an even data low signal 

the device tester 30 into the appropriatdy sdected cells of EDL is a zero. This state of these two even data signals 

the test memory devices, as stored test data bits, the test indicates that all even positions data bits are ones. If the even 

procedure can be continued by reading the stored test data 55 sdect signal ES is active and all of die read out stored test 

bits out of the test memory devices. The test mode enabling data bits in die positions 0-7 are low, the even data high 

signal either is continued to be applied or dse it is rallied signal EDH is a zero and the even data low slgnd EDL is a 

by the memory device tester 30 to the memory devices under one. This state of these two even data signals indicates that 

test. all even positions data bits are zeros. If the even sdect signal 

For a test readout operation, a row address, a colunon 60 ES Is active and the read out stored test data hits 0, 2, 4 and 

address, and a read memory signal arc applied by the device 6 indude at least a one and a zero, both of the even data high 

tester 30 to the test memory devices. Once again the row and low signals EDH and EDL are ones. This state of these 

address is buffered and decoded to sdect a row. Then the two even data signals indicates that an error exists among the 

column address is buffered and partially decoded to select a even positions stored test data bits, 

column. Thus die stored tost data bit from a selected storage 65 Similar input combinations, for the read out stored test 

cell in eadi memory device sub-array is read out of the data bit positions 1, 3, 5 and 7 when the odd sdect signal OS 

selected storage cdl and is transmitted along bit lines to the is active, produce similar resulting states of an odd data higlh 
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signal ODH and an odd data low signal ODL. These signal 
states indicate, respectively, that all odd positions stored test 
data bits are ones, that all odd positions stored test data hits 
arc zeros, and that an error exists among the odd positions 
stored test data tnts. 

The results the parallel data test, i.e., the even data high 
and low signals EDH and EDL together with the odd data 
hig^ and low signals ODH AND ODL, are then compared 
wifli the expected data bit EXD. This circuit of FIG. 2 
compares the four ou^ts of the parallel data test, for a 
single quadrant of the memory device 40, with the single 
expected data bit EXD. The results of both parallel data 
coiiq)ari5ons, Le., even and odd sets of stored test data bits, 
are conqwcd with the expected data bit EXD. If all of the 
stored test data bits are alike and are equal to the expected 
data bit EXD, the parallel comparator 140 ou^ut si^ial on 
lead 170 is a pass signal, Le., a signal having the same state 
as the expected data bit EXD. If there is any mismatch 
among any of the stored test data bits and the expected data 
bit EXD, the parallel con^aratcv 140 ou^ut signal on the 
lead 170 is a fail signal, Le., a signal state that is the 
conq)lement of the state of the expected data bit EXD. 

The sub-arrays, shown in FIG. 1, are paired with the I/O 
buffers such that data from each I/O buffer is stored in a 
separate one of the sub-arrays and the result of a comparison 
of test data read from that sub-azray is carried through the 
same I/O buffer back to the deWce tester. Infcsmation 
relating to a repair address is available by checking fewer 
I/O locations than heretofore required. The reduction of 1^0 
leads for testing is possible because the con^>arison test of 
plural stored test data bits is accon4>lished by the compari- 
son circuitry included within the memoacy device. 

Refeiring once again to FIG. 1, whatever ou^t signal is 
generated on the lead 170 by the parallel comparator 140, it 
is forwarded through the input/output buffer 50 and a single 
lead of the data bus 45 to ttie memory device tester 30. 
Within the memory device tester 30, the pass/fail signal from 
the parallel conq>arator 140 is stored together with the 
expected data bit EXD and the accessed address for subse- 
quent failure location analysis and repair of defective cdr- 
cdtiy by rq>ladng it with redundant circuitry. 

The foregoing describes an embodiment of a memory 
device designed for test and a method for performing a test 
procedure on the memory device. Hie described embodi- 
ment and the described test method, together with others 
made obvious in view thereof, are considered to be within 
the scope of the appended claims. 
What is claimed is: 
1. A memory device comprising: 
an array of memory cells arranged in rows and columns; 
a row decoder circuit fc^ selecting a first row of memory 

cells in the array, responsive to a first address; 
a column decoder circuit for selecting a first and a second 
column of memory cells in the array, responsive to a 
second address and a first logic state of a test mode 
signal, the column decoder circuit for selecting the first 
and not the second column of memory cells, responsive 
to the second address and a second logic state of the test 
mode signal, and the column decoder circuit for replac- 
ing the first and second columns of memory cells, 
responsive to the second address, if either column of 
memory cells is defective; 
a data terminal of the memory device for receiving a data 
bit; and 

a replicating circuit coupled to the data terminal, respon- 
sive to the test mode signal and a write signal, for 
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replicating the data bit into a group of data bits and 
coupling the group of data bits to selected memory cells 
in the first and second colunms of memory cells of the 
array. 

5 2. A memory device, in accordance with claim 1, further 
comprising: 

a first sub-array of memory cells in the array of memosy 
cells including the first row of memory cells; and 

a second sub-array of memory cells in the array of 
memory cells, separate from the first sub-array of 
memory ceUs, the second sub^array of memory cells 
including a second row of memory cells, 

wherein the row decoder circuit further selects the second 
row of memory cells, responsive to the first address and 
the first logic state of the test mode signal, die row 
decoder circuit rqjlacing the first and second rows of 
memory cells, responsive to the first adxlress, if either 
the first or second row of memory cells is defective. 

3. A memory device, in accordance with claim 2, wherein 
the first address is a row address and the second address is 
a column address. 

4. A memory device, in accordance with claim 2, wherein 
the first column of memory cells is in the first sub-airay of 
memory cells and the second column of memory cells Is in 
the second sub-array of memory cells. 

5. A memory device, in accordance with claim 4, wherein 
the first address comprises a row address and the second 
address comprises a column address. 

6. A memory device, in accordance with claim 2, further 
coc^jrising plural sets of sub-arrays of memory cells, one of 
the sets having the first sub-airay of memory cells and the 
second sub-array of memory cells. 

7. A memory device, in accordance with claim 6, wherein 
the first sub-array includes the first colunm of memory cells, 
and the second sub-array includes the second colunm of 
memory cells. 

8. A memory device, in accordance with claim 2, further 
comprising plural s^s of sub-arrays of memcry cells, one of 

^ the sets having the first sub-airay of memory cells and 
another of the sets having the second sub-array of memory 
cells. 

9. A memoiy device, in accordance with daim 8, wherein 
the first sub-array includes the first and the second columns 
of memoiy cells. 

10. A memory device, in accordance with claim 2, 
wherein the row decoder circuit comprises plural row 
decoder circuits and at least one redundant low decoder 
dricuit 

11. A memory device, in accordance with daim 10, 
wherein the column decoder circuit cona|trises plural column 
decoder circuits and at least one redundant column decoder 
circuit. 

12. A memoiy device, in accordance with daim 11, 
further comprising a first group of data terminals and a 
second group of data terminals, wherein only the first group 
of data terminals is active, responsive to the first logic state 
of the test mode signal, and the first and second groups of 
data terminals are active, responsive to the second logic state 

^ of the test mode signal. 

13. A memoiy device comprising: 

an array of memory cells airanged in rows and columns; 

a row decoder circuit for selecting a first row of memory 
cells in the array, responsive to a first address; 
65 a column decoder circuit for sdecting a first and a second 
column of memory cells in the airay, responsive to a 
second address and a first logic state of a test mode 
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signal, the column decoder circuit for selecting die first 
and not the second column of memory cells, responsive 
to the second address and a second logic state of a test 
mode signal, and the column decoder circuit for replac- 
ing the first and second columns of memory cells, 
responsive to the second address, if either column cf 
memaiy cells is defective; 

a coniparis<m dicajt, responsive to the first logic state of 
the test mode signal and a read signal, for comparing a 
data bit from the first column of memory cells with 
another data bit firom the second column of memoiy 
cells and producing a comparison signal indicating the 
result of die comparison; and 

a data terminal of the device f cff receiving the comparison 
signal. 

14. A memory device, in accordance with claim 13, 
wh^ein the comparison signal is equivalent to the data bits 
if the data bits are the same, and the comparison signal is not 
equivalent to die data bits if die data bits are not die same. 

15. A memory device, in accordance with claim 14, 
further comprising: 

a latc^ circuit for storing a test data bit, wherein the 
comparison circuit further compares the data bits fipom 
the selected memory cells with the test data bit for 
producing the comparison signaL 

16. A memory device, in accordance with claim 13, 
further comprising: 

a first sub-array of memory cells in the array ci memoiy 
cells including the first row of memory cells; 

a second sub-array of memory cells in die array of 
memory cells, separate firom the first sub-array of 
memory cells, the second sub-array of memory cells 
including a second row of mem^sy cdls, 

wherein the row decoder circuit further selects the second 
row of menKHy cells, responsive to the first address and 
the first logic state of the test mode signal, the row 
decoder circuit replacing the first and second rows of 
memory cells, responsive to the first address, if dtha 
the first or second row of memory ceUs is defective. 

17. A memory device, in accordance with claim 16, 
wherein the first address is a row address and the second 
address is a column address. 

18. A memory device, in accordance with daim 16, 
further comprising plural sets of sub-arrays of memory cells, 
one of the sets having the first sub-array of memory cells and 
the second sub-array of memory cells. 

19. A memory device, in accordance with claim 18, 
wherein the first coUunn of memoiy cells is in the first 
sub-array of memory cells, and the second column of 50 
memory cells is in the second sub-array of memory cells. 

20. A memory device, in accordance with daim 16, 
further comprising plural sets of sub-arrays of memory cells, 
one of the sets having the first sub-array of memory cells and 
another of the sets having the second sub-aoray of memory 
cells. 

21. A memory device, In accordance with clairn 20, 
wherein the first sub-array indudes the first and the second 
columns of memory cells. 

22. A memory device, in accordance with daim 16, 
wherein the row decoder circuit conq;zrises plural row 
decoder circuits and at least one redundant row decoder 
cimiit 

23. A memory device, in accordance with daim 22, 
wherein the column decoder circuit coii^>rises plural column 
decoder circuits and at least one redundant column decoder 
circuit 
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24. A memory device, in accordance with daim 23, 
further comprising a first group of data terminals and a 
second group of data terminals, wherdn only die fbst group 
of data termhials is active, responsive to the first logic state 
of the test mode signal, and the first and second groups of 
data terminals are active, responsive to the second logic state 
of the test mode signal. 

25. A memory device comprising: 
a plurality data terminals; 

plural sub-arrays of memory cells, each sub-array of 
memory cells arranged in addressable rows and col- 
umns of the memory cells and plural sub-arrays of the 
memory cells bdng arranged in sets, each set corre- 
sponding to a separate one of the data tenninals; 

a row decoder circuit, responsive to a row address, for 
sdecting at least one row of memory cells in eadi of the 
sets of sub-axrays at once; 

a column decoder circuit, responsive to a cdunm address, 
for sdecting a plurality of columns of the memory cells 
in each of the sets of sub-arrays at once; and 

a data con^arison circmt for comparing a plurality of data 
bits from eadi set of sub-airays, responsive to a test 
mode signal, the data cornparison circuit producing a 
pass signal at each data terminal corresponding to a set 
of sub-arrays wherein the plurality of data bits are the 
same, the data oonq>arison circuit producing a fail 
signal at each data terminal corresponding to a set of 
sub-arrays wherein the plurality of data bits are not the 
same, 

wherein the colunm decoder circuit is arranged for replac- 
ing the plurality of columns of the memory cells with 
an equal number of columns of redundimt memory 
ceUs, responsive to the column address, in at least one 
of the sets of sub-arrays that produced the fail signal. 

26. A memory device as in daim 25, wherein the row 
decoder circuit is arranged for replacing the plurality of rows 
of the memory cells with an equal number of rows of 
redundant memcHy cells, responsive to the row address, in at 
least one of the sets of sub-arrays that produced tiie fail 
signal. 

27. A memory device as in daim 26, wherein each set of 
sub-arrays is a quadrant of sub-arrays. 

28. A memory device as in daim 26, wherein the memory 
cells are dynamic random access memory cdls. 

29. A memory device as in claim 28, further con9>rising: 
a plurality of input/output buffer drcuits, eadi input/output 
buffer circuit corresponding to one of the plurality of data 
tenninals, each input/ou^ut buffer storing a test data bit, 
responsive to the test mode signal, 

wherein the data comparison circuit further compares the 
plurality of data bits from each s^ of sub-airays with 
the test data bit stored in the respective each input/ 
ou^ut buffer circuit 

30. A method of testing and repairing a semiconductor 
memory device conquising the steps of: 

providing a plurality of semiconductor menooiy devices, 
eadi semiconductor memory device arranged in rows 
and cdumns of memory cdls and having a plurality of 
data terminals; 
providing memory tester having a plurality of data ter- 
minals; 

coupling each of the plurality of data terminals of each 
semiconductor memory device to a separate one of the 
memory tester data terminals; 
applying a test mode signal to the plurality of semicon- 
ductor memory devices, thereby Initiating a test mode; 



03/23/2004, EAST Version: 1.4.1 



5,706,234 

11 12 

applying a write signal, an address signal and a plurali^ of programimng a decoder circuit in the at least one of the 

of data bits to each of the plurality of semiconductor plurality of semiconductor memory devices for replacing the 

memory devices at the same time, each of the plurality every gtoup of memory cells coresponding to the address 

of semiconductor memwy devices replicating the plu- and an identity of each data terminal with an equal number 

rality of data bits in a number of memory cells greater 5 of redundant memory cells. 

than the plurality of data texminals of the each semi- 3Z A method of testing and repairing a saniconductor 

conductor memory device; memory device as in daim 31. further comprising the step 

applying a read signal and the address signal to the f progcamming&edecodcr^^ 

pl^ of semiSnductor memory devices at the same corr^ndmg to the address of the defective group of 

time, each of the plurality of semiconductor memory 10 "^^i?''^^ ^^"1' . c . ^ j • • • ^ 

. „ „^„„ rt.- aL^ uu. *i.o .^^w 33* A mc&od of tcstmg and repainng a seimconductor 

devices companng the data bits from the number of h.^t,-^ *c ;« ^^iZ ^i aJa^- r.««.««ci„« th^ <,t^ 

memaryceUsaiidproducingapassorfailsignal memory device as m daim 31. 

of the respective data tcnlials^ co^g the rq,hcated bits from each of the 

* . ^ ^ ^ . , plurahtyof data hits by a logical AND of each of a true and 

storing the address and an Identity 0^ a complement of each of die replicated data bits, thereby 

coirespondmg to each fad agnal in the memory tester. producing a pluraHty of equivalent bits, each equivalent bit 

determining whether a defective group of memory cells ccnesponding to one of the plurality of data terminals, 

cocresponding to the each stored fail signal is a defec- 34, a method of testing and repairing a semiconductor 

tive row or column of memory cells; memory device as in claim 33, further comprising the step 

repairing the defective group of memory cells in at least 20 storing a plurality test data bits in a plurality of input/ 

one of the plurality of semiconductor memcsy devices ou^ut buffer circuits, each input/output buffer circuit cor- 

correspondiing to the address and the identity of each responding to one of the pluraHty of data temunals. 

data terminal by replacing every groi^ of memory cells 35. A method of testing and repairing a semiconductor 

cocrespondlng to the address and the identity of each memory device as in daim 34, further comprising the step 

data terminal with an equal number of redundant 25 of con^aring each equivalent data bit to each respective test 

memory cells. data bit. 

31. A method of testing and repairing a semiconductor 

memory device as in daim 30, further comprising the step )(c ♦ * * ♦ 
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